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G R I N D I N G  A N D  P O L I S H I N G  I N  B U L K  
Burn i sh ing  
Under t h e  g e n e r a l  c l a s s i f i c a t i o n  o f  "burn ish ing" ,  t h e  fol low- 
i n g  t echn iques  a r e  i n c l u d e d :  t h e  p rocedure  o f  b a r r e l  b u r n i s h i n g ,  
g r i n d i n g ,  t h e  newer p rocedures  o f  p r e s s u r e  g r i n d i n g  i n  v i b r a t o r s  and 
c e n t r i f u g a l  v o r t e x  i n s t a l l a t A o n s .  The o l d e r  d e s i g n a t i o n  o f  " b a r r e l  
g r ind ing"  no l o n g e r  a p p l i e s  i n  t h e  c u r r e n t  s t a t e  o f  t h e  a r t .  Each 
o f  t h e  p r o c e s s e s  named above i s  based  on t h e  p r i n c i p l e  o f  f r i c t i o n  
between t h e  work p i e c e  and  t h e  g r i n d i n g  body. The i n d i v i d u a l  pro- 
c e s s e s  d i f f e r  b a s i c a l l y  i n  t e rms  of  rubb ing  speeds .  
One f i n d s  t h i s  s u r f a c e  p r o c e s s i n g  form f o r  m e t a l s ,  p l a s t i c s  and 
o t h e r  m a t e r i a l s ,  f o r  t h e  p r o c e s s i n g  of i n d i v i d u a l  p i e c e s  as w e l l  as 
' p r o d u c t i o n  p a r t s ,  n o t  o n l y  i n  t h e  g a l v a n o t e c h n i c a l  i n d u s t r i e s ,  b u t  
a l s o  i n  machining i n d u s t r y  and meta l  working i n d u s t r i e s .  Burn i sh ing  
has  found g r e a t  use  i n  t h e  b u l k  f i n i s h i n g  f i e l d  and h a s  been found t o  
be economical ( F i g u r e s  1-4) .  
The use a f  drum- and v i b r a t i o n  i n s t a l l a t i o n s  h a s  l e d  t o  c o s t  
advantages  i n  t h e  p r o c e s s i n g  s t a g e s  o f  d e b u r r i n g ,  d e s c a l i n g ,  l e v e l -  
i n g  o f  s u r f a c e  roughnesses ,  g r i n d i n g  and p o l i s h i n g ,  e s p e c i a l l y  i n  
terms o f  t h e  c o n s i s t e n c y  o f  r e s u l t s .  
The development o f  drum p o l i s h i n g  goes back i n t o  t h e  p a s t  cen- 
t u r y .  The r equ i r emen t s  p r e v a l e n t  a t  t h a t  t ime  f o r  s u r f a c e  c o n d i t i o n s  
were, o f  cou r se ,  n o t  a s  demanding a s  t h e y  a r e  today .  A t  t h a t  time, 
t h e  p r o c e s s e s  wepe c a r r i e d  o u t  d ry  w i t h  sand ,  l u b r i c a t i n g  o i l ,  
shredded wood (saw d u s t ) ,  and l e a t h e r  was te ,  o r  w i t h  t h e  a d d i t i o n  of 
pe t ro leum o r  wa te r .  Now, genei3ally t h e  p r o c e s s e s  a r e  c a r r i e d  o u t  
u s i n g  wa te r  chemical  s o l u t i o n s ,  s o - c a l l e d  compounds, f o r  t h e  most 
p a r t  i n  s i n g l e  s t a g e s ,  b u t  sometimes i n  n u l t i p l e  working p r o c e s s e s .  
P a r t l y -  o r  f u l l y  au toma t i c  p r o c e s s e s  a r e  c a r r i e d  ou t  i n  row, 
*Numbers i n  margin i n d i c a t e  p a g i n a t i o n  o f  o r i g i n a l  f o r e i g n  t e x t .  
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F igure  1. P a r t s  af ter  and b e f o r e  F igure  2. Sample o f  a Trowal 
t rea tment  i n  t h e  Trowal p rocess  processed  p a r t  (Walther-Trowal, I 
(Walther-Trowal) Wuppertal) I 
chain ,  o r  through-flow i n s t a l l a t i o n s ,  i n  con junc t ion  wi th  separa to r -  
and d ry ing  i n s t a l l a t i o n s .  The requirement  o f  the  i n d u s t r y  f o r  
e f f i c i e n t  machines f o r  burn i sh ing  its products  is  remaining s t r o n g .  
Burnishing can b e  used f o r  t h e  p rocess ing  o f  t h e  s m a l l e s t  t o  
t h e  most complicated working p ieces .  
F :  Which a r e  some o f  t h e  systems a v a i l a b l e ?  
B e l l s  ( a l s o  c a l l e d  t u l i p s )  
Table b e l l s ,  mostly used f o r  g r i n d i n g  and debur r ing  o f  very  
small quantity-produced p a r t s .  
Drums 
A system a v a i l a b l e  e i t h e r  i n d i v i d ~ r a l l y  o r  i n  r o w - i n s t a l l a t i o n s  
1 1 (Figure  5). Depending on t h e  requirement  and p r o p e r t i e s  o f  t h e  
i n s t a l l a t i o n ,  drum i n s t a l l a t i o n s  can be u t i l i z e d  i n  t h e  mogt widely 
d i f f e r i n g  dimensions f o r  e n t i r e  p rocess ing  s t a g e s  (F igure  6 ) .  The 
c o n s t r u c t i o n  o f  t h e  drums can b e  adapted e i t h e r  t o  very small o r  t o  
. 
very l a r g e  product ion  p a r t s .  
Vibra t ion  i n s t a l l a t i o n s  
Self-contained c i r c u l a r  c o n t a i n e r s  and t roughs ,  as w e l l  as 
I success ive  o r  j o i n t l y  opera ted  i n s t a l l a t i o n s  equipped wi th  conveyor 1 
t systems, b o t h  f o r  s ingle-charge opera t ion ,  o r  f o r  cont inuous  oper- 1 
1 a t i o n  f o r  p rocess ing  bulk q u a n t i t i e s .  1 
Figure  3. Deburring and d e s c a l i n g  Figure  4. Zinc p r e s s u r e  c a s t i n g  
o f  d r i v e  gears i n  through-flow ( f a n  b l a d e )  processed i n  a m t o -  
v i b r a t o r s  (Metal Company AQ) f i n i s h  i n s t a l l a t i o n  (Metal 
Company, I n c )  
Figure  7. V i b r a t o r  wi th  
conveyer and s e p a r a t o r / d r y e r  
(Walther-Trowal) 
3 :  
, > Figure  8. Roto f inish-Osronaut  t 1 ( v i r b u l a t o r ,  c e n t r i f u g a l  f o r c e  . I 
i n s t a l l a t i o n ,  Metal Company, I n c )  [ 4 ,  
Figure  8a. The g r i n d i n g  and p o l i s h i n g  drum i n s t a l l a t i o n s  
o f  Menzerna, i n  t h e  s t andard  model, have a  c a p a c i t y  o f  
120 l i t e r .  The b u r n i s h i n c  v i b r a t o r s  a r e  produced w i t h  
c a p a c i t y  of 5 t o  250 l i t e r s .  O u r  photo shows t h e  appar- 
a t u s  i n  t h e  d i s p l a y  a t  t h e  Hannover F a i r .  
The a v a i l a b i l i t y  of s u c c e s s i v e l y  l i n k e d  i n s t a l l a t i o n s  o f f e r s  
t h e  advantage t h a t  it reduces  t h e  o f t e n  s u b s t a n t i a l  w a i t i n g  t ime 
f o r  f i l l i n g ,  load ing ,  emptying and s e p a r a t i n g .  These times can 
4 e a s i l y  exceed t h e  a c t u a l  o p e r a t i n g  tiine f o r  i n d i v i d u a l  machines 
I ? and t h i s  time can be q u i t e  expensive (F igure  7 ) .  
I C e n t r i f u g a l  I n s t a l l a t i o n s  
These i n s t a l l a t i o n s  c o n s i s t  o f  a c i r c u l a r  c o n t a i n e r  w i t h  a 
i r o t a t i n g  bottom (F igure  8 ) .  C e n t r i f u g a l  f o r c e s  p r e s s  t h e  working 
I p i ece  masses a g a i n s t  t h e  wall of  t h e  c o n t a i n e r .  In  t h i s  f i e l d  t h e r e  
i i s  an i n d i r e c t  f u r t h e r  development o f  c i r c u l a r  c o n t a i n e r  v i b r a t o r s  
I 
I w i th  almost  double t h e  working capac i ty .  
'1 
I A f u r t h e r  doubl ing  o f  t h e  working c a p a c i t y  i s  ach ievab le  i n  
connection w i t h  t h e  c e n t r i f u g a l  drum process  (F igure  9 ) .  A s  a  r u l e ,  
f 
? t h e r e  a r e  f o u r  drums on a r o t o r  p l a t e ,  f a s t e n e d  i n  c o n t r a - r o t a t i n g  
d i r e c t i o n s  ( c f .  a l s o  F igure  1 9 ) .  Drum l o a d i n g  i s  c a r r i e d  ou t ,  i n  
c o n t r a s t  t o  t h e  ordinary  procedure, by means of a  q u a d r a t i c  c o n t a i n e r .  
Drum  installation^ 
a r e  fu rn i shed  w i t h  chucks on t h e i r  i n t e r i o r s  which hold t h e  
work p i e c e  i n  p lace .  
Genera l  p r o c e s s  technology  
It  i s  t h e  movement o f  t h e  c o n t a i n e r  t h a t  t h e  d i f f e r e n c e  among 
t h e  v a r i o u s  p r o c e s s e s  l i e s  fo r  t h e  s a k e  o f  a c h i e v i n g  t h e  g r i n d i n g  
and p o l i s h i n g  work. With each  o f  t h e  p r o c e s s e s ,  one can  de te rmine  
t h e  work c a p a c i t y .  The answer  t o  t h e  q u e s t i o n  as t o  whether  a 
co r r e spond ing  r e d u c t i o n  of working time can b e  a c h i e v e d  economica l ly  
t h rough  more h i g h l y  deve loped  b u r n i s h i n g  machines,  can  o n l y  be 
o b t a i n e d  from t h e  u t i l i t y  of t h e  s u r f a c e  c o n d i t i o n  which is ach ieved .  
I n  very  g e n e r a l  terms,  v i r t u a l l y  a l l  m a t e r i a l s  a n d  working 
p i e c e s  a r e  s u i t e d  f o r  p r o c e s s i n g  i n  b u r n i s h i n g  p r o c e d u r e s ,  l i m i t e d  
on ly  by t h e  s i z e  and shape o f  t h e  i n s t a l l a t i o n .  
A s  a  p r a c t i c a l  matter, one cannot  a lways a c c u r a t e l y  p r e d i c t  
how a raw p a r t  w i l l  behave i n  a p a r t i c u l a r  g r i n d i n g  o r  b u r n i s h i n g  
o p e r a t i o n ,  t h a t  i s ,  whether  i t  i s  s u i t e d  f o r  a p a r t i c u l a r  o p e r a t i o n .  
F ine  and u s a b l e  s u r f a c e  q u a l i t i e s  can  o n l y  be ach ieved  when t h e  
r o t a t i n g  speeds  o f  t h e  drums o r  t h e  superimposed v i b r a t i o n s  a r e  
e x a c t l y  a d j u s t e d  f o r  t h e  m a t e r i a l  t o  b e  p roces sed .  
There  i s  s u b s t a n t i a l  impor tance  i n  t h e  c h o i c e  o f  b u r n i s h i n g  
m a t e r i a l  ( g r i n d i n g  o b j e c t s  o r  c h e m i c a l s ) ,  t h e  t y p e  and form o f  t h e  
g r i n d i n g  b o d i e s  and t h e  compos i t ion  o f  t h e  chemical  a d d i t i v e s  used 
f o r  t h e  m a t e r i a l .  These t o g e t h e r  have a  b e a r i n g  on t h e  s u c c e s s  of 
b u r n i s h i c g .  
A p a r t i c u l a r  b u r n i s h i n g  o p e r a t i o n  r e q u i r e s ,  depending on t h e  
n e c e s s a r y  s u r f a c e  q u a l i t y  o f  t h e  f i n i s h e d  p i e c e ,  one t o  t h r e e  pro- 
c e s s i n g  s t a g e s .  For  example,  it i s  p o s s i b l e  t o  go from p r e l i m i n a r y  
g r i n d i n g  t o  f i n a l  g r i n d i n g  wi thou t  removing t h e  p i e c e s  from t h e  
a p p a r a t u s ,  b u t  simply by  f i l l i n g  and changinp chemica ls .  The g r i n d -  
i n g  b o d i e s  themselves  may remain.  
I t  shou ld  be  no ted  t h a t  f o r  a n  i n d i v i d u a l  p r o c e s s ,  a q u a l i t a t i v e l y  
good s u r f a c e  depends on t h e  i n t e n s i t y  o f  t h e  g r i n d i n g ,  burn ish inp:  o r  
p o l i s h i n g ,  a s  well a s  on t h e  i n t e r a c t i o n  o f  mechanics and chemica ls  
5 
and on t h e  type  o f  t h e  i n s t a l l a t i o n  (F igure  10). 
, 
Figure  9. Large c e n t r i f u g a l  F igu~*e  iO. P a r t i a l l y  automatic  
, drum machine (Sonnenberg, drum pa th  w i t h  c rane  l i f t e r ,  
I Pforzheim) l o ~ ~ d i n g  appara tus  and s e p a r a t o r  
s t r e t c h  ( D r .  Engineer Manfrid 
Dreher ) 
I n  drum burnishing,  t h e  working p rocess  i s  d e c i s i v e  more than  
t h e  l e n g t h  o f  t h e  process .  I n s o f a r  as  running tTmes p lay  a subord- 
i n a t e  r o l e ,  t h e  drum i n s t a l l a t i o n s  are n o t  i n f e r i o r  t o  t h e  c e n t r i -  
f u g a l  o r  v i b r a t i o n  i n s t a l l a t i o n s  (Diagram 11). 
Servic ing ,  f i l l i n g ,  emptying and s e p a r a t i n g  i s  g e n e r a l l y  c a r r i e d  
o u t  w e l l  w i t h  t h e  a i d  o f  s p e c i a l  s e r v i c i n g  appara tus  ( s e r v i c i n g  
s c a l e s  F igure  12) .  
The o p e r a t i o n a l  f l e x i b i l i t y  o f  t h e  m u l t i p l e  drum i n s t a l l a t i o n  
is  c l e a r l y  ev iden t  i n  t h e  f a c t  t h a t  t h e  most d i s p a r a t e  work p i e c e s  
can be  processed s imul taneously .  I n  each i n d i v i d u a l  drum, d i f f e r e n t  
form p a r t s  can be  he ld  f o r  process ing .  It i s  p o s s i b l e  t o  t a k e  any 
indivic?ual drum o f  a m u l t i p l e  drum i n s t a l l a t i o n  ou t  o f  o p e r a t i o n  a t  
a predetermined time, wi thout  a f f e c t i n g  t h e  o t h e r  drums, and then  
t o  put  t h a t  drum back i n t o  o p e r a t i o n .  
This  b a s i c  p rocess  o f  burn i sh ing  g e n e r a l l y  f u r n i s h e s  a  v i s i b l y  
f i n e r  s u r f a c e  cond i t ion  than  i s  t h e  c a s e  f o r  o b j e c t s  processed i n  
v i b r a t o r  i n s t a l l a t i o n s .  The more g e n t l e  working p rocess  speaks  i n  
f avor  o f  t h e  drum process .  The drum shape ( four-  and s i x -  cornered 
form) and t h e  r o t a t i n g  speed can be s e l e c t e d  accord ing  t o  t h e  type  o f  
e f f e c t i v e n e s s  which i s  d e s i r e d .  
F i g u r e  11. Comparison o f  r e s u l t s  F i g u r e  12. F i l l i n g  a drum t a k e n  
a f t e r t e s t s i n t h e  d r u m a n d i n  o u t o f t h e i n s t a l l a t i o n , w i t h t h e  
t h e  v i b r a t o r  a i d  o f  t h e  s e r v i c i n g  c a r t  ( D r .  
I 
I Engineer  Manfrid Dreher )  
F i g u r e  13.  Schemat ic  
diagram. The shaded a r e a  
is where t h e  work i s  
a c t u a l l y  c a r r i e d  o u t  
The s m a l l e r  t h e  dimensions are, t h e  s m a l l e r  t h e  dead zone i n  
, 
t h e  drum. The dead zone i s ,  o f  cou r se ,  unavoidable  f o r  p u r e l y  phy- I 
I 
s i c a l  r e a s o n s  and  cannot  b e  e l i m i n a t e d  comple te ly .  Work is c a r r i e d  
o u t  o n l y  i n  t h e  r o l l i n g  zone o f  che drum ( F i g u r e  1 3 ) .  S m a l l e r  drum 
I 
dimensions p r o v i d e  an advan tage  because  t h e y  are a b l e  t o  work w i t h  
h i g h e r  r o t a t i n g  speeds.  It remains  u n a l t e r a b l y  t r u e  t h a t  no burn inh-  
i n g  a c t i o n  t a k e s  p l a c e  i n  t h e  rest zone a r e a ,  due t o  t h e  laws  o f  
p h y s i c s  and t h e  movement p r o p e r t i e s  o f  t h e  masses.  The c o n t e n t s  o f  
t h e  drum a r e  l i f t e d  by t h e  t u r n i n g  movement o f  t h e  drum and o n l y  a  
p o r t i o n  o f  t h e  c o n t e n t s  s l i d e s  back down af te r  r e a c h i n g  t h e  a n g l e  
I n  o r d e r  t o  achieve  t h e  h i g h e s t  p o s s i b l e  e f f i c i e n c y  i n  t h e  
drum, i t  i s  necessa ry  t o  know e x a c t l y  what t a k e s  p l a c e  i n  t h e  drum. 
The working mate r i a l - - to ta l  f i l l i n g  vo:ume--works most i n t e n s i v e l y  
a t  a f u l l n e s s  l e v e l  between 60 and 70%. Of course ,  smaller o r  
l a r g e r  l o a d s  can a l s o  be used. S e r i e s  o f  tests, u s i n g  t h e  r n o ~ t  
d i s p a r a t e  forms o f  p i e c e s  and p r o c e s s i n g  s t a g e s ,  i n c l u d i n g  t h e  most 
favorab le  r o t a t i n g  speeds ,  l e d  t o  t h e  conclus ion  o f  how t h e  appara- 
t u s  can be  used most e f f i c i e n t l y .  
An I n d i s p u t a b l e  ncorrespondence r e l a t i o n s h i p n  i s  e x h i b i t e d  by 
t h e  b e l l  drum which i s  sometimes known as a w t u l i p "  (F igure  14) .  
These devices ,  which u s u a l l y  e x h i b i t  a n  e ight -s ided,  double- 
cone form, possess  e f f i c i e n c y  advantages i n  compari8on t o  t h e  usual  
i n d i v i d u a l  drum, advantages  which o r i g i n a l l y  are a t t r i b u t e d  t o  t h e  
form o f  t h e  b e l l  drum and t o  t h e  f a c t  t h a t  t h e  r o t a t i n g  a x i s  is  
t i l t e d .  The m a t e r i a l  be ing  processed i s  l i f t e d  both  by t h e  s l a n t e d  
running d i r e c t i o n  and a180 by t h e  t r a p e z o i d  form o f  t h e  s idewal l s .  
An a d d i t i o n a l  f a l l i n g  t o g e t h e r  t a k e s  p l a c e  a f t e r  t h e  c o l l a p s e  o f  t h e  
m a t e r i a l  i n t o  a middle rubbing a rea .  This  i n t e r a c t i o n  n e c e s s a r i l y  
i n c r e a s e s  t h e  a b r a s i v e  e f f e c t .  
A d i r e c t  i n c r e a s e  o f  g r i n d i n g  Fyzseure can be brought about  by 
i n c r e a s i n g  t h e  r o t a t i n g  speed. Staged c o n t r o l l e d  d r i v e s  make 
p o s s i b l e  speeds between 15-60 rpm. Emptying t h e  b e l l  i s  easy  t o  
accomplish by simply t i p p i n g  t h e  c o n t e n t s  ou t .  This  drum form i s  
u t i l i z e d  commonly a s  a d r y e r ,  among o t h e r  uses.  
D i s t i n c t  d i f f e r e n c e s  i n  m a t e r i a l  wear a r e  e x h i b i t e d  by t h e  
i n d i v i d u a l  proceeses.  Thus, t h e r e  is approximately twice  a s  much 
m a t e r i a l  rubbed away i n  a u n i t  o f  time i n  a b e l l  drum a s  i n  t h e  o t h e r  
type  o f  drum. A f u r t h e r  s i g n i f i c a n t  a c c e l e r a t i o n  o f  rubbing away is 
caused by v i b r a t i o n .  
. 
The rubbing movement i n  t h e  v i b r a t o r ,  a s  well a s  t h e  requ i red  
p r e s s u r e  between t h e  working p i e c e  and t h e  g r i n d i n g  bodies ,  causes  
lower labalance 
(hollow axle) , 
- . - -  
_, ---_l.nt fore 
' .' upFar imbalance, 
b.lmee i - I ' ad furtable 
Figure  1 4 ,  B e l l  drum 
machine baa < . &lo-r fmb8hnca- 
Figure  16,  Transpor t  scheme .- - - -  - ~adjurtablt 
of  a c i r c u l a r  con'tainer,  F igure  15. The c o n t a i n e r  c o n t e n t s  move i n  a s p i r a l  form form i n  t h e  
v i b r a t o r  (Metal Company, I n c )  direction of the 
--- - - -. - ( N e t a l  Company, Inc.  
F igure  18. Di rec t ion  o f  
movement i n  t h e  v i r b u l a t o r  
f i l l ins  &k, (upper po 
upara t ion door 
t 
meparation apparatur 
- witch in^ tank 
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drive a ~ g r e ~ a t e  
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Figure  17. ~ c h e m a t i c  diagram of a v i r b u l a t o r  ( c e n t r i f u ~ a l  
burn i sh ing  i n s t a l l a t i o n  Roto-Finish-Osronaut) 
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a f u r t h e r  a c c e l e r a t i o n  o f  material rubbing away. The f i l l i n g  o f  
t h e  a p p a r a t u s  w i t h  work material and g r i n d i n g  material d o t s  n o t  
l e a d  t o  any d i r e c t  r o t a t i o n  i n  c o n t r a s t  t o  t h e  drum. For t h i s  r eason ,  
t h e  c o n t a i n e r s  are given a movement rhythm by means of  v i b r a t i o n .  
Th i s  is genera ted  by a movement dev ice  w i t h  a n  a d j u s t a b l e  imbalance 
(F igure  15) .  By t h i s  means, t h e  g r i n d i n g  bod ies  and t h e  work p i e c e s  
a r e  s e t  i n t o  movement as a whole (F igure  16) .  Orinding m a t e r i a l  
and t h e  working p i e c e s  v i b r a t e  a g a i n s t  each o t h e r  and t h u s  abrade  
one another .  
Therefore,  t h e  e f f i c i e n c y  i s  s u b t t a n t i a l l y  h i g h e r  than  f a r  t h e  
drum process.  The o s c i l l a t i n g  movement o f  t h e  g r i n d i n g  bod ies  and 
t h e  work p i e c e s  a g a i n s t  each o t h e r  causes  t h e  e n t i r e  c o n t e n t s  o f  I ! 
t h e  i n s t a l l a t i o n  t o  work i n t e r a c t i v e l y  and causes  t h e  e n t i r e  c o n t e n t s  I! 
I 
to  r o t a t e  s lowly through t h e  c o n t a i n e r  a t  a  speed determined by t h e  1 
r o l l i n g  movement, by t h e  imbalance frequency and by t h e  v i b r a t i o n  I ! 
amplitude. I n  c o n t r a s t  t o  t h e  r a t i o  i n  t h e  drum, t h e r e  m u s t  b e  a  1 
higher  percentage  o f  g r i n d i n g  m a t e r i a l  surround in^ t h e  work p ieces .  1 
The i n c r e a s e d  i n t e n s i t y  o f  t h e  g r i n d i n g  c a p a c i t y  causes  t h e  danpel- 
of p o s s i b l e  hammer impact i n  t h e  microscopic range  on t h e  s u r f a c e  o f  3 .  
t h e  working p a r t s ,  o r  even so-ca l led  a c a l i n p .  That means f o r  I 
i nexac t  adjus tments ,  a  ve ry  high p r e s s u r e  is  brought t o  b e a r  on t h e  i 
working p a r t  masses and t h i s  can l e a d  t o  s u r f a c e  damape. It  i e  
I 
a b s o l u t e l y  necessary  t o  have a c a r e f u l  adjustment  o f  v i b r a t l o n  f r e -  
quency and Imbalance, e s p e c i a l l y  i n  t h e  c a s e  o f  s e n s i t i v e  working 
parts. Purely from a n  economic poilrt o f  view, i t  i s  necessary  t o  
work wi th  h igh  v i b r a t i o n  f requenc ies .  The container i s  a t t a c h e d  
t o  a  r o t a t i n g  f l o o r .  The r o t a t i o n  o f  t h e  c o n t a i n e r  f l o o r  causes  a 
flow o f  t h e  c o n t a i n e r  c o n t e n t s  toward t h e  c o n t a i n e r  wal l .  The work 
p iece  masses a r e  t h u s  p u l l e d  t o  t h e  wall and delayed and, s imulta-  
neously, they  a r e  s e t  i n t o  a r o l l i n g  movement by t h e  subsequent forc-  1 
i n g  o f  o t h e r  r a d i a l  fo rce8  from t h e  r o t a t i n g  f l o o r .  The r e q u i s i t e  I 
gr ind ing  p r e s s u r e  between working p i e c e  and g r i n d i n g  material Is 1 
supplemented by t h e  c e n t r i f u g a l  f o r c e  (F igure  1 8 ) .  The high I n t e n s i t y  I i 
o f  g r i n d i n g  power genera ted  i n  t h i s  way is  e s p e c i a l l y  w e l l  nu t t ed  f o r  I 
t h e  debumlng  of hard metal p a r t s .  
Figure 19. Working p r i n c i p l e  Figure 20. Eff ic iency diagram of 
of a  centrifugal-drum i n s t a l l -  the  var iour  burnishing methods 
a t i o n  (cf .  a l s o  Figure 9 ) .  Key: 1--material wear i n  X ;  2- 
Key: 1--pressure zone; 20- v i rbu la to r ;  3--vibrators; 4-0 
r o t a t i o n  d i r e c t i o n  of r o t o r  centrifugal-drums; S--bell6 ; 6-0 
p la t e ;  3--rotation d i r e c t i o n  drums; 7--time (test dura t ion)  
o f  t h e  drums; 4--four fo ld  
container ;  5--processing flow 
Figure 20a. Multiple holder Figure 21. Fo rm o f  gr inding bodie6 
f o r  eyeglass  frames (Menzerna (Meta l lgese l l schaf t  A G )  
Works, Karlsruhe) 
A f u r t h e r  innovation i n  t he  last  few years  i n  t he  f i e l d  of  
burnishing machines is  provided by t h e  c e n t r i f u g a l  burnishing i n s t a l l -  
a t i o n ~  working on t h e  drum pr inc ip le .  1 mean t o  say t h a t  t h i s  is 
an important f u r t h e r  development which shows s p e c i a l  promise f o r  pro- 
cess ing  i n  t h e  s ec to r  o f  the nnst  minilte p a r t s .  This process  i s  
represented schematically I n  Figur.: 19. On a  v e r t t c a l l y  running 
r o t o r  p l a t e ,  four  drum conta iners  are mounted i n  a  r a d i a l  a r ray ,  
each r o t a t i n g  i n  t h e  contrary  d i r ec t ion .  While, f o r  example, t h e  
r o t o r  p l a t e  is  r o t a t i n g  i n  a clockwise d i r ec t ion ,  t h e  drums a r e  
r o t a t i n g  about t h e i r  l ong i tud ina l  a x i s  I n  a counterclockwise d i r ec t ion .  
This con t r a ro t a t i ng  running movement causes an e c c e n t r i c  p ressure  
Li 
of  t h e  c o n t e n t s  o f  t h e  drulr, on the c o n t a i n e r  wa l l s .  The con ten t8  
are fo lded  i n t o  themselves by t h e  m c t a n g u l a r  form of' t h e  drums. 
The g r i n d i n g  work is  cauaed, s o  t o  say,  by pu8hlng zcnes, genera ted  
by t h e  r e c t a n g u l a r  f o t ~  o f  t h e  drum i n d i r e c t l y  r igainst  t h e  c o n t a i n e r  
s i d e s .  The tumbling which might b e  expected doe8 not occur ,  s i n c e  
t h e  p a r t s  are held  a g a i n s t  t h e  walls by c e n t r i f u g a l  f o r c e .  I t  is 
t r u e ,  however, t h a t  tumbling o f  t h e  working p a r t 8  cannot be avoided 
i f  r o t a t i n g  speeds a r e  low. I n  t h e  same nay tumbling cannot be  
avoided i f  f o u r  small c o n t a i n e r s  a r e  used i n  t h e  dmm. I n  such 
i n s t a l l ~ t i o n s  it is important  t h a t  the r o t a t i n g  speed (which is  
g e n e r a l l y  t o  be a d j u s t e d  without  any s t a g e s )  be adapted  t o  t h e  mass 
weight o f  t h e  volume o f  t h e  drums. 
The f i l l i n g  of  such i n s t a l l a t i o n s  i r t  a l s o  so lved i n  an advant- 
ageous way. The worklng p iece8  are loaded i n t o  wide-necked f lask8  
w i t h  corresponding g r t n d i n g  bodies  and comyounda. These a r e  c losed  
w i t h  screw zaps and a r e  p laced i n t o  t h e  h o r i z o n t a l l y  l y i n g  drum con- 
t a i n e r s .  pour o f  t h e s e  f l a s k  con ta ine r s ,  c a r r y i n g  a p r o p o r t i o n a l  
weight,  can be  loaded i n t o  each drum, t h a t  i s  t o  say,  1 6  can be loaded 
i n t o  t h e  e n t i r e  appara tus .  During t h e  t ime t h a t  one load i s  running,  
t h e  next  f l a s k s  can be  i n  p repara t ion .  The in te rchange  o f  t h e  loaded 
flasks is  c a r r i e d  o u t  simply by t h e  r e l e a s e  of  t h e  s a f e t y  ca tch .  
The f l a s k s  can be  removed and re loaded  wi thout  l o a i n g  time f o r  aepar- 
a t i o n  and f i l l i ~ : g .  These work s t a ~ e s  take p l a c e  o u t s i d e  t h e  machine's 
running t ime . 
While t h e  drum-centrifugal-installatio~~ rank behind t h e  v ibra-  
t o r s  i n  terms o f  e f f i c i e n c y  (by presently a v a i l a b l e  s t a n d a r d s ) ,  t h e y  
do provide  f i n e r  s u r f a c e  q u a l i t y .  And t h e  v l r b u l a t o r  ranka ahead o f  
t h e  v i b r a t o r s  (Figure  20). 
F i n a l l y ,  i t  1s neceasnry t,o mention t h e  drums w i t h  work piece  
holders  mounted on t h e  l n t e r i o r  o f  t h e  housing. Th i s  i s  a apecial  
machine f o r  t h e  proceaaing o f  very a e n s i t i v c  producta ,  auch a3 eye- 
g l a s s  frames a m n g  o ther  th ings .  The danger o f  dc fo rwi t ion  i n  auch 
products  is  t a p e c i a l l y  l a r g e  and they  are not  well a u i t e d  for s implc  
tumbling a c t i o n .  
Auxiliary mater ia l s  
As has a l ready been mentioned, eff e work i n  t h e  burnishing 
process t akes  place  as t h e  gr inding bod brade t h e  work piece. 
The gr inding body thus  i s  t h e  a u x i l i a r y  t o o l  f o r  ca r ry ing  ou t  t h i s  
work, as a r e  t he  chemicals. 
The s e l e c t i o n  of gr inding body s i z e ,  g ranula t ion  and form, i s  
made i n  t h e  first place  according t o  t h e  g r ind ing  e f f e c t  des i red  and 
t h e  form and development of t h e  t o o l  i t s e l f .  For each workplece 
form range, and f o r  each processing method--and i t  is inconsequential  
what kind of i n s t a l l a t i o n  i s  being used--there is  an  i d e a l  gr inding 
body form (Figure 21). !Pype and s i z e  in f luence  t h e  course o f  t h e  
work and t h e  abrasion.  I n  addi t ion  t o  n a t u r a l l y  formed shapes and 
bodies, t h e r e  a r e  ceramic and p l a s t i c a l l y  formed gr inding forms which 
a r e  used. Generally, s t e e l  bodies a r e  used f o r  pol ishing,  usua l ly  
balls, but  sometimes a communicating body made from a high value z inc  
a l l o y  i s  used. These l a t te r  are used mostly f o r  po l i sh ing  products 
made of hard metals (hardened s t e e l ,  e t c . ) .  The small b r i l l i a n c e  
y i e ld  f o r  s t e e l ,  even i n  case o f  very long running times, is  g r e a t l y  
improved by the  s o f t  z inc  mater ia l .  
I n  weneral, plastic-bonded and ceramic-bonded gr inding bodies 
a r e  t o  be preferred t o  n a t u r a l  ones. Microfine me ta l l i c  oxides a r e  
used i n  the  manufacture of  p l a s t i c  gr inding bodies. S in t e r ed  oxides  
1 : 
on t h e  o the r  hand a r e  used l a r g e l y  i n  t h e  manufacture of ceramic 
1 bonded grinding bodies. According t o  t h e  composition and s i z e ,  t h e  
most var ied imaginable grind values a r e  a t t a i n a b l e .  One must add 
t h a t  t h e  mater ia l  t r anspor t ,  i n  t he  aame way a s  t h e  wear of  t h e  
.L grinding body, i s  increased t h e  higher t he  c u t t i n g  speed is. The 
1 
grinding body which keeps  t he  same grinding p rope r t i e s  i n  a c e r t a i n  a 
-,  
s i z e  range, i s  t o  be d i f f e r e n t i a t e d  from t h e  new, even sharper  edged 1 
chip which understandably a c t s  more in t ens ive ly .  
Faulty r e s u l t s  a r i s e  a s  a r u l e  where over ly  used and badly main- 
ta ined c u t t i n g  bodies have been used. In  t h i s  case prevention plays 
t a very s i g n i f i c a n t  ro l e .  The bes t  care  f o r  a l ready used chips  i s  
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achieved by mainta in ing them i n  p l a s t i c  c o n t a i n e r s  wi th  a weak 
w e t t i n g  agen t  o r  compound s o l u t i o n .  This  a l s o  a p p l i e s  o v e r  t h e  
s h o r t  term f o r  s t e e l  g r i n d i n g  bodies.  These need a nrunnlng feed" 
i n  a low percentage  c i t r i c  a c i d  s o l u t i o n  b e f o r e  be ing  re-used. 
Basicall:?, t h e  e f f e c t i v e n e s s  o f  l a r g e r  c h i p s  i s  always b e t t e r  
t h a n  t h a t  o f  t h e  smaller ones  because it i s  p o s s i b l e  b i t h  them t o  
ach ieve  a more r a p i d  process ing ,  t h a t  is ,  a q u i c k e r  s u r f a c e  smoothing. 
It would be no th ing  new t o  remark a t  t h i s  p o i n t  t h a t  t h e  energy mass I 1 
o f  l a r g e r  bodies  works more intensivr3ly than t h a t  o f  smaller bodies.  i 
1 For s e n s i t i v e  p a r t s ,  it i s  p r e f e r a b l e ,  however, t o  u t i l i z e  I 
s m a l l e r  mass weights.  C e r t a i n  problems always a r i s e  i n  t h e  s e l e c t i o n  j 
o f  g r ind ing  body s i z e s .  These have t o  do w i t h  t h e  form o f  t h e  work- 
i n g  p iece .  
For complicated work p i e c e  forms, i t  cannot always be prevented 
t h a t  t h e  g r i n d i n g  bod ies  g e t  caught i n  bor ings ,  c a v i t i e s  and passages.  I 
On t h e  one hand t h e  c u t t i n g  bod ies  cannot be chosen s o  l a r g e  t h a t  t h e  
hidden p a r t s  o f  t h e  product  are not  reached. But, on t h e  o t h e r  hand, 
they  cannot b e  t o o  smal l  l e s t  t h e  working d u r a t i o n  become t o o  long. 
I n  case  o f  need, b o t h  l a r g e  and smal l  g r i n d i n g  bodies  can be used 
t o g e t h e r  t o  achieve  t h e  d e s i r e d  r e s u l t .  One then ach ieves  much b e t t e r  
debur r ing  r e s u l t s ,  and h ighly  s e n s i t i v e  p roduc t s  t h u s  mainta in  t h e i r  
p r e c i s i o n .  If one works only  w i t h  l a r g e r  g r ind ing  bodies ,  t h e r e  i s  
t h e  danger t h a t  f i n e  seams a r e  t h e  only ones r e a l l y  a f f e c t e d  and 
hidden s u r f a c e s  do not  g e t  touched at. a l l .  
I n  a d d i t i o n ,  i t  i s  s e n s i b l e  t o  s e p a r a t e  o u t  t h e  g r i n d i n g  p a r t -  
i c l e s  which have become too  small over  t im+- they  a r e ,  of  course ,  
t o o  small  t o  be  e f f e c t i v e .  I n  p a r t ,  one 6:an e1:rninate t h e  a d d i t i o n  
o f  g r i n d i n g  bodies  and simply add compounds. Then t h e  product  p a r t s  
simply abrade a g a i n s t  each  o t h e r .  The s e p a r a t i o n  o f  working p a r t s  
and p rocess ing  bodies  t h u s  does not  have t o  t a k e  p lace .  Such a 
working p rocess  i s  not  wel l  s u i t e d  f o r  q u a l i t y  s u r f a c e s .  
Also a p a r t  o f  t h e  p rocess  a r e  t h e  chemicals  because burn i sh ing  
i s  not  only  a  pure ly  mechanical bu t  a l s o  a mechanical/chemical process.  
Chemical m a t e r i a l s  (compounds) can be weakened o r  s t r ena thened  
- 
according t o  t h e  purpose f o r  which they  a r e  used f o r  gr inding.  
Among t h e i r  e f f e c t s  are a m e t a l l i c a l l y  pure s u r f a c e  and p a r t i a l l y  
- 
c o ~ r o s i o n  p r o t e c t i o n  as we l l .  They a l s o  bond and t h i s  i s  a s u b s t a n t -  
i a l  f a c t o r  i n  t h e  rubbing o f f  o f  g r i n d i n g  bodies  and o f  t h e  metal. 
Furthermore, t h e  compounds c a r r y  ou t  f u r t h e r  f u n c t i o n s  i n  t h e  course  
of t h e  p rocess  technology. For example, they  s e r v e  f o r  b r i g h t e n i q g  
s u r f a c e s ,  o r  even as g r i n d i n g  m a t e r i a l .  I n  t h e  l a t t e r  case ,  it i s  
on ly  f i n i s h i n g  p r o p e r t i e s  t h a t  a r e  impor tant .  
The p rocess ing  chemicals  can be d iv ided  i n t o  
1. d e s c a l i n g  c o n c e n t r a t e s  
2. compounds w i t h  a d d i t i v e s  which i n c r e a s e  g r i n d i n g  a c t i o n  
3. compounds wi thout  a d d i t i v e s  f o r  i n c r e a s i n g  g r i n d i n g  a c t i o n  
4. sh ine  and p o l i s h i n g  m a t e r i a l s  
The pH va lues  o f  t h e  compounds a r e  g e n e r a l l y  given f o r  t h e  ind i -  
v idua l  processes ,  such a s  de-rust ing,  desca l ing ,  deburring.  co rne r  
- - 
rounding, pre-grinding,  f i n e  g r ind ing ,  b r i g h t e n i n g  a s  w e l l  a s  s h i n i n g  
and p o l i s h i n g ,  by t h e  manufacturers  themselves.  They a r e  a d j u s t e d  
f o r  t h e  metal. o r  m a t e r i a l s  t o  be t r e a t e d .  
The g r i n d i n g  p a r t i c l e s  g e n e r a l l y  behave i n  a n e u t r a l  manner t o  
t h e  chemicals.  They n e i t h e r  change nor  d i s s o l v e  i n  t h e i r  presence,  
but  only  i n  t h e  course  o f  g r i n d i n g  work. However, s t e e l  p o l i s h i n g  
bodies  do r e a c t  t o  chemical a d d i t i v e s .  
The chemical mixtures  t o o  a r e  c o n s t a n t l y  be ing improved f o r  
almost a l l  t y p e s  o f  uses .  Some o f  them a r e  a v a i l a b l e  a s  c o n c e n t r a t e s .  
The usual  t h i n n i n g  r a t i o  wi th  water  i s  1 : 4  o r  1 : l O  but  t h i s  can be  
a l t e r e d  a s  needed. The c o r r e c t  dosage, s t o r a g e  and handl ing  o f  t h e  
concen t ra tes  provides  c o s t  advantages. 
Burnished p roduc t s  a r e  no t  only  g a l v a n i c a l l y  processed ,  b u t  
a l s o  a r e  so lde red ,  welded o r  pol i shed.  Thus, t h e  meta l  s u r f a c e  
needs t o  be p h y s i c a l l y  and chemical ly c l e a n  no t  only  f o r  o p t i c a l  
reasons.  I f  s e v e r a l  p rocesses  are used one after ano the r ,  t h e  com- 
pound whiOh has  been used must be completely removed. The c l e a n i n g  
p rocess  must be  c a r r i e d  o u t  qu ick ly  i n  o r d e r  t o  prevent  chemical 
i m p u r i t i e s  and r e a c t i o n s  on t h e  working p i e c e  s u r f a c e  be fo re  t h e  
next  p r o c e s s i n g  s t age .  
I n  o r d e r  t o  prevent  c o r r o s i o n  format ion  between t h e  i n d i v i d u a l  
work s t a g e s ,  w e t t i n g  compounds a r e  u s u a l l y  inc luded  i n  t h e  compounds 
as emulsions. If t h i s  i s  not  t h e  case ,  it i s  s e n s i b l e  t o  add w e t t i n g  
agen t s  o n e s s e l f .  
The b u f f e r i n g  e f f e c t  o f  water--since g r ind ing  p a r t i c l e  mixtures  
con ta in  water  i n  p r e s c r i b e d  q u a n t i t i e s  as w e l l  a s  t h e  chemical pro- 
c e s s i n g  agents--1s r e q u i r e d  t o  a g r e a t e r  o r  l e s s e r  degree by t h e  
p rocess ing  agent .  For t h e  burn i sh ing  o f  very s e n s i t i v e  m a t e r i a l s ,  1 
t h e  b u f f e r i n g  o f  t h e  water  i s  not  i n  i t s e l f  s u f f i c i e n t .  For s p e c i a l  1 4 
work i n  t h i s  f i e l d ,  i t  i s  necessary  t o  use  s p e c i a l  compounds which 
ampl i fy  t h e  l lbuffer ingl l  o f  t h e  water .  
1 
It should be noted a t  t h i s  p o i n t  t h a t  i n  t h e  v i b r a t i o n  i n s t a l l -  
a t i o n s ,  t h e  a d d i t i o n  o f  t o o  much water  causes  a f l o a t i n g  and s imul t -  
aneously a s e p a r a t i o n  o f  t h e  working m a t e r i a l  from t h e  p l a s t i c  chips .  
Movement, o r  r o l l i n g  movement, o r  g r ind ing ,  i s  e f f e c t i v e l y  e l imina ted  
by t h e  f l o a t i n g .  
I n  t h e  case  o f  t h e  a d d i t i o n  o f  chemicals ,  waste wa te r  regula-  
t i o n s  must be observed. For t h i s  reason,  chemical mixtures  a r e  beinr, 
o f f e r e d  today which con ta in  no poisons  such a s  n i t r i t e s  and chromates 
and which do not  con ta in  d e t e r g e n t s  which had u n t i l  r e c e n t l y  been 
inc luded  a s  i n h i b i t o r s  o f  t h e  compounds. Today o r g a n i c  subs tances  
which a r e  up t o  80% biodegradable have r e p l a c e d  t h e  damaging sub- 
s t a n c e s  j u s t  mentioned. I n  t h i s  way, waste water  t r ea tment  r e q u l r e -  
ments have been reduced. Often it i s  s u f f i c i e n t  j u s t  t o  t r e a t  t h e  
waste water  w i t h  a n e u t r a l i z e r ,  chalk ,  f o r  example, o r  soda, be fo re  
r e l e a s i n g  i n t o  was t e  channe l s ,  e s p e c i a l l y  i n  t h e  c a s e  o f  d e s c a l i n g  
a g e n t s .  
I n  v i b r a t i o n s -  and i n  drum i n s t a l l a t i o n s ,  work i s  g e n e r a l l y  
c a r r i e d  o u t  w i t h  f l u i d  compounds i n  a l l  s t a g e s ;  o f  cou r se ,  powders 
can  a l s o  b e  used .  The chemica l  m i x t u r e s  can  b e  b rough t  t o  t h e  i n s t a l l -  
a t i o n s  i n  v a r i o u s  ways: 
a )  t h rough  a s p r a y  a p p a r a t u s  f o r  f l u i d  compounds, w i t h  t h e  u se  
o f  f e e d  pumps, 
b )  by means o f  v i b r a t i o n  f e e d s  f o r  p u l v e r i z e d  compounds, and 
c )  by hand, v i t h  measurement scoops .  
The re -use  o f  compounds a f t e r  t h e y  are f i r s t  used,  f o r  t h e  
f o l l o w i n g  wdrk s t a g e ,  does  i n d e e d  s a v e  t h e  c o s t  o f  a second c h a r g i n g  
w i t h  new chemica ls .  But i t  h a s  been shown t h a t  t h e r e  I s  abou t  a  40% 
r e d u c t i o n  i n  e f f e c t i v e n e s s  and a  s i m i l a r  p o l l u t i o n  o f  t h e  m a t e r i a l s ,  
o f  t h e  g r i n d i n g  b o d i e s  and  o f  t h e  i n s t a l l a t i o n .  T h i s  h a s  an  e f f e c t  
n o t  l e a s t  o f  a l l  on t h e  w a i t i n g  times and t h e  accu racy  o f  r e s u l t s ,  
Thus f o r  i n s t a n c e ,  t h e r e  a r e  a d d i t i o n a l  c l e a n i n g  s t a g e s  n e c e s s a r y  
and i f  o t h e r  machinery i s  o p e r a t e d  s o  t h a t  i t s  t i m i n g  depends on t h e  
r e g u l a r  o p e r a t i o n  o f  t h e  first machine,  t ime  i s  l o s t  by i r r e g u l a r  
s chedu le s .  I t  i s  t r u e  t h a t  when f r e s h  chemica l s  are used  f o r  e a c h  
s t a g e ,  i t  t a k e s  g r e a t e r  q u a n t i t i e s  o f  chemica l s ,  b u t  t h i s  c o a t  i s  
ba l anced  o u t  by t h e  g r e a t e r  e f f i c i e n c y  and machine l i f e  and smaller 
w a i t i n g  t ime ,  where f r e s h  chemica l s  a r e  used.  
The removal ( s e p a r a t i o n )  ( F i g u r e  2 2 )  o f  p r o d u c t  p a r t s  from t h e  
v a r i o u s  i n s t a l l a t i o n s  s h o u l d  be  c a r r i e d  o u t  q u i c k l y  f o r  t h e  s a k e  o f  
a v o i d i n g  l o s t  t ime .  I n  o r d e r  t o  a c h i e v e  a  r e l i a b l e  s e p a r a t i o n  o f  
working p i e c e s  from g r i n d i n g  b o d i e s ,  t h e  s i e v e  mesh m u s t  be  s o  
s e l e c t e d  t h a t  t h e  g r i n d i n g  body i s  smal le r - - in  c a s e  o f  n e c e s s i t y ,  
reversed- - than  t h e  p roduc t .  For  t h e  v e r y  s m a l l e s t  p ieces - -wi th  t h e  
e x c e p t i o n  o f  n o n f e r r o u s  p a r t s - - s e p a r a t i o n  by magnet i s  u s u a l .  The 
impact  marks which are much f e a r e d  on t h e  s u r f a c e  o f  t h e  p rodua t  
i t s e l f  as  w e l l  a s  o c c a s i o n a l  de fo rma t ions ,  come a b o u t  u s u a l l y  when 
t h e  o b j e c t s  a r e  poured i n t o  t h e  c o n t a i n e r s ,  o r  when t h e y  a r e  empt ied  
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For f u r t h e r  p rocess ing  o f  t h e  product ,  i t  i s  n o t  always 
necessary  t o  have a d ry ing  process.  Sometimes t h e  o b j e c t s  a r e  
brought t o  t h e  next  s t a g e  i n  a  wet cond i t ion .  When t h e  o b j e c t s  a r e  
p resen ted  wet, f o r  i n s t a n c e ,  f o r  ga lvan iz ing ,  t h e r e  i s  t h e  advantage 
t h a t  t h e r e  i s  no c o r r o s i o n ,  i n s o f a r  a s  w e t t i n g  agen t  s o l v e n t s  were 
used i n  t h e  p rev ious  s t a g e .  This  wet p r e s e n t a t i o n  may only  be used 
where a s h o r t  p e r i o d  ensues  b e f o r e  t h e  nex t  s t a g e .  A s  a r u l e ,  t h e  
p a r t s  are d r i e d  a f t e r  removal by means o f  shredded wood o r  ho t  a i r  
d r i e r s  (F igure  2 4 ) .  
Often i t  i s  s u f f i c i e n t  t o  have a  d ipping a c t i o n  i n t o  hot  
o rgan ic  s o l v e n t  ( f o r  example, pe rch lo rae thy lene) .  If shredded 
wood d r i e r s  a r e  used, it i s  e s s e n t i a l  t h a t  dus t - f ree  and abras ive -  
f r e e  saw d u s t  be  used. These d r i e r s  are e i t h e r  d r i v e n  by ho t  a i r  
o r  by i n f r a r e d  r a d i a t i o n .  
The p rocess ing  o f  bu lk  p a r t s ,  o f  course ,  i n v o l v e s  q u e s t i o n s  o f  
c o s t .  The running c o s t s  f o r  burn i sh ing  p rocesses  a r e  usua l ly  com- 
posed a s  fo l lows (wi thout  i n c l u d i n g  investment  i n  t h e  i n s t a l l a t i o n )  
(without  cons ide r ing  d e p r e c i a t i o n ,  i n t e r e s t  and land c o s t s ) :  
Capaci ty d a t a  of  t h e  i n s t a l l a t i o n ,  e t c .  
S a l a r y  c o s t s  
Grinding m a t e r i a l  purchase and wear 
Chemical a d d i t i v e s  and t h e i r  l o s s  
Water and power usage 
Cost o f  m a t e r i a l s  f o r  product  
Process ing  t ime,  s e p a r a t i o n  and i n j e c t i o n  t imes ,  dry ing t ime 
Fur the r ,  t h e  time segments f o r  f i l l i n g  and emptying must b e  
inc luded.  
Some a d d i t i o n a l  p o i n t s  seem worthy o f  no te  i n  connect ion w i t h  
t h e  q u e s t i o n  o f  c o s t s .  A s  compl ica t ion  i n c r e a s e s  i n  i n d i v i d u a l  
i n s t a l l a t i o n s ,  t h e  expense a l s o  i n c r e a s e s .  It i s  t r u e  t h a t  i n  
t h e s e  c a s e s  g r i n d i n g  and p o l i s h i n g  t a k e s  p l a c e  a t  a  f a s t e r  r a t e .  
But does t h i s  i n c r e a s e d  c a p a c i t y  s t a n d  i n  a f a v o r a b l e  r e l a t i o n s h i p  
t o  t h e  i n c r e a s e d  inves tment?  The form o f  t h e  work p i e c e  i s  n o t  
a lways t h e  d e c i d i n g  c r i t e r i o n  f o r  t h e  c h o i c e  o f  t h e  i n s t a l l a t i o n .  
Rather ,  t h e  series o f  p r o d u c t i o n  p i e c e s  which w i l l  b e  p roces sed  
shou ld  be c o n s i d e r e d  as b e i n g  most s i g n i f i c a n t .  
I n  conc lus ion ,  i t  must be  s a i d  t h a t  t h e  most c e r t a i n  g u a r a n t e e  
f o r  t h e  s u c c e s s  o f  a  b u r n i s h i n g  o p e r a t i o n  i s  c l e a n l i n e s s .  The 
v i b r a t o r  o f  t h e  drum i s  no c l e a n i n g  a p p a r a t u s .  I t  i s  o n l y  des igned  
t o  r e f i n e  t h e  o u t e r  s u r f a c e .  F a i l u r e s  i n  t h e s e  o p e r s a t i o n s  can 
a l s o  t a k e  p l a c e  i n  even t  t h a t  chemical  a d d i t i v e s  and g r i n d i n g '  
p a r t i c l e s  are used which a r e  n o t  s u f f i c i e n t l y  adap ted  f o r  t h e  work 
p i e c e s .  
